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AMENDMENT IN SPECIFICATION 
[Received by the Japanese Patent Office on 23 October, 2000 together 
with the Demand for international preliminary examination] 

Page 3, line 2, replace "other" with a lot of . 

Page 4, line 8, replace "a new light source O" with a new apparent 
light spot O . 

Page 5, line 10, insert not only on the surface but also including 
inside of the object after "the number of points". 

Page 5 line 29 to page 6 line 4 ? replace "an operating means to 
calculate the furthest point from the image display means among points 
intersecting the object image to be displayed , on a line starting from each 
pixel on the image display means, passing through the center of the 
curvature of the convex surface of a plurality of the respective convex 
lenses 51 with an operating means to calculate only the furthest point from 
the image display means among points intersecting the object image to be 
displayed determined by the operating means, on a light starting from a 
pixel on the image display mea ns, passing through only the center of the 
curvature of the convex surface of a plurality of the respective convex 
lenses among lights heading for a plurality of the convex lenses . 

Page 6 lines 12-15, replace "the operating means to calculate the 
furthest point from the image display means among points intersecting 
the object image to be displayed, on a line starting from the pixel on the 
image display means, passing through a plurality of respective pin holes" 
with the operating means to calculate only the furthest point from the 
image display means among points intersecting the object image to be 
displayed determined by the operati ng me ans, on a light starting from the 
pixel on the image d is play means, passing through a plurality of 
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respective pin holes among lights hea din g for the light shielding plate . 

Page 6 line 21, insert including pixels not only on the surface but 
also after "a resolution". 

Page 7 line 20, insert between the image displayed in the three- 
dimensional space and the observer after "By introducing the diffusing 
plate". 

Page 11 line 23, delete "When the above-mentioned operation is 
executed," and replace "the amount" with The amount . 

Page 11 line 26, replace "three-dimensional space and" with three- 
dimensional space, however, when the above-mentioned operation is 
executed. . 
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using any special spectacles, enables to be used in circumstances where 
display devices are difficult in use and enables to be observed by a lot of 
people simultaneously with one display device, integral photographic systems 
have been known. 

As shown in FIG. 6 this method employs an image display means 3 
arranged on the side of a surface 2b formed by center points of curvatures of 
convex surfaces of a convex lens array 2 where a plurality of convex lenses 2a 
are arranged, and employs an image forming means (not shown in the figure) 
to form images on the image display device. A liquid crystal display device, a 
Brown tube display device, a plasma display device, liquid crystal projector or 
a film projector with screen, or a printed image or developed film image etc. 
may be used as the image display means 3. 

The convex lens array 2 comprises a plurality of convex lenses 2a and 
since it resembles a compound eye of an insect, it is called a fly eye lens plate 
or a compound eye lens. These convex lenses 2a may be arranged in a lattice 
configuration as shown in FIG. 7 A or arranged in a hexagonal configuration as 
shown in FIG.7B. 

Object images shot by cameras and the like or computer generated two- 
or three-dimensional characters or graphics etc. can be used as objects to be 
displayed. 

In order to form an image on the image display means 3 by calculation 
with the aid of an image forming means (not shown in drawings), a point on 
the image display means 3 formed by a projected light irradiated from a 
randomly selected point on an object image to be displayed in a predetermined 
three-dimensional space and passing through a center point Cj of the 
curvature of the convex surface of the convex lens 2a, is calculated as shown 
in FIG. 8. A projected image on the image display means is formed by 
repeating these calculations on all points on the object image to be displayed 
passing through center points Cj of the curvatures of convex lenses 2a. 
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The projected image on the image display means 3, originated from the 
object image 4 to be displayed, which pass through the center points Cj of 
curvatures of convex lenses 2a, is displayed for example on a liquid crystal 
display device and the projected image heads for a predetermined three- 
dimensional space when the image display means 3 is irradiated by a back 
light 6 from the right side as shown in FIG.9. A plurality of rays R 
corresponding to respective points to be projected in the three-dimensional 
space are converged one point to form a new apparent light spot O which an 
observer W can observe as a three-dimensional image. 

As shown in FIG. 10, in place of the lens array, three-dimensional image 
display device 11 may comprise a light shielding plate 12 where a plurality of 
pin holes 12a, an image displaying means 13 arranged a predetermined 
distance from the light shielding plate 12 and an image forming means (not 
shown in FIG. 10) for forming images on the image displaying means 13. 

A plurality of pin holes 12a are perforated on the light shielding plate 12, 
where pin holes 12a may be arranged either in a lattice configuration as 
shown in FIG. 11 A or in a honey comb configuration as shown in FIG.llB, 

The image can be also displayed in the predetermined three-dimensional 
space by utilizing the light shielding plate 12 in the same way as the above- 
mentioned convex lens array 2, by adjusting pin holes 12a at positions 
corresponding to curvature centers Cj of the convex surfaces of convex lens 2a. 

As a conventional art regarding the above-mentioned integral 
photography, the Japanese laid open patent No. 4-133049 discloses a method 
to record three-dimensional still images, where the convex lens array is used 
for displaying three-dimensional images and an XYZ plotter and recording 
media for recording three-dimensional still pictures on the recording media by 
moving a point light source mechanically, are disclosed. 

The Japanese laid open patent No. 10-186275 where the above- 
mentioned integral photography is employed, discloses a three-dimensional 
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display device capable of being manufactured easily, without having distinct 
respective lens marks, having excellent focusing performance and displaying 
three-dimensional images in a state keeping enough brightness. The three- 
dimensional display device has a feature that gaps among a plurality lens 
elements comprising a lens array are shielded by light shielding members. 

In these conventional three-dimensional display devices, images to be 
displayed on the image display means 3 are formed through calculations 
executed by the image forming means in a way shown in FIG. 8. However, 
since the amount to be calculated correspond to a product of the number of 
points not only on the surface but including inside of the object comprising the 
object image to be displayed in the predetermined three-dimensional space 
and the number of lenses on the lens array (or the number of pin holes on the 
light shielding plate) and, since an additional hidden surface process (a 
process to remove actually unobserved points) is necessary, a huge amount of 
calculation is required. Since moving pictures requires forming a lot of images 
at a high rate, a large scaled three-dimensional display device is required, 
consequently it requires a higher cost. 

Disclosure of the Invention 

The present invention is carried out in view of the above-mentioned 
conventional problems so as to provide a three-dimensional display device 
capable of forming images at a high rate by remarkably reducing the amount 
of calculation. 

Other objective of the present invention is to provide a three- 
dimensional display device with a large display screen and a three- 
dimensional display device capable of displaying more vivid images. 

In order to attain the above-mentioned objectives, the three-dimensional 
display device according to the present invention comprises^ the convex lens 
array where a plurality of convex lenses are arranged, the image display 
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means arranged on or near a focal plane of the lens array; an operating means 
to calculate only the furthest point from the image display means among 
points intersecting the object image to be displayed determined by the 
operating means, on a light starting from a pixel on the image display means, 
passing through only the center of the curvature of the convex surface of a 
plurality of the respective convex lenses among lights heading for a plurality 
of the convex lenses and heading toward the object image to be displayed in 
the predetermined three-dimensional space; and an image controlling means 
for instructing to display corresponding pixels on the image display means 
based on the image information calculated the operating means. 

The three-dimensional display device according to the present invention 
comprises^ the light shielding plate where a plurality of pin holes are 
arranged; the image display means arranged at the predetermined distance 
from the light shielding plate; the operating means to calculate only the 
furthest point from the image display means among points intersecting the 
object image to be displayed determined by the operating means, on a light 
starting from the pixel on the image display means, passing through a 
plurality of respective pin holes among lights heading for the light shielding 
plate and heading toward the object image to be displayed in the 
predetermined three-dimensional space; and the image controlling means for 
instructing to display corresponding pixels on the image display means based 
on the image information calculated the operating means. 

Since the amount to be calculated by the operating means is, for example, 
a product of pixels on the image display means and a resolution including 
pixels not only on the surface but also along a vertical direction of the object 
image to be displayed in the predetermined three-dimensional space, the 
amount to be calculated according to the present invention is capable of 
reducing to a large extent by employing the above-mentioned three- 
dimensional image display device. And since additional hidden surface 
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process is simultaneously executed according to the present method, the 
amount to be calculated is further reduced so that images can be formed at a 
high rate. 

When the convex lens array and the light shielding plate where pin holes 
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are arranged, are compared, the latter is easier to manufacture, but the 
convex lens array is capable of accumulating light so that more bright images 
are obtained. 

A three-dimensional display device having a constitution of a plurality of 
image display means and a plurality of the above-mentioned lenses or a 
constitution of a plurality of image display means and a plurality of the 
above-mentioned pin holes, namely, one image display means is arranged for a 
plurality of respective convex lenses or pin holes, can be arranged. In addition 
a plurality of the above-mentioned image display means can be arranged for 
one above-mentioned lens array or one light shielding plate. 

Since a plurality of the image display means can be arranged in the 
three-dimensional image display device, a image display screen having any 
dimension can be attained so that a three-dimensional image display device 
having a large scaled screen can be provided. 

A diffusing plate can be arranged between a point determined by lines 
irradiated from respective pixels of the image display means and passing 
through respective center points of the curvatures of the convex surfaces of a 
plurality of the convex lenses or respective pin holes intersect each other and 
a point where the observer's eyes are positioned. 

By introducing the diffusing plate between the image displayed in the 
three-dimensional space and the observer even when observer's eyes are not 
positioned on the lines irradiated from respective pixels of the image display 
means and passed through respective center points of the curvatures of the 
convex surfaces of a plurality of the convex lenses or respective pin holes, 
other points on the image display means not on the above mentioned lines are 
also observed so that a resolution of the projected image in the predetermined 
three-dimensional space is enhanced because an apparent size of pixels 
become smaller than a diameter of the convex lens or the pin hole. 

Moving pictures can be displayed in the predetermined three- 
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predetermined three-dimensional space is located above the convex lens array. 

Here Pi is defined as the furthest point among points in the object image 
4 to be displayed, on the intersecting straight line L starting from a pixel Dij 
on the image display means 3, passing through a center point Cj of a 
curvature of a convex surface of a convex lens 2a and directing toward the 
object image 4 to be displayed. 

A toe of a perpendicular line to the surface 2b determined by center 
points of curvatures of convex surfaces of convex lenses 2a is defined as "Qj". 
And a toe of a perpendicular line from the center point Cj of the curvature of 
the convex surface of the convex lens 2a, to the image display means 3 is 
defined as "Cj"'. Since a triangle CjCj'Dij and a triangle PiQjCj are similar 
figures, the following equation is derived: 
CjQj : PiQj = DijCj' : h 
Since DijCj' is determined by a geometrical relation between the lens 
array 2 and the image display means 3, when either CjQj or PiQj is measured, 
remaining either of them can be calculated. 

When the object image 4 to be displayed is scanned by stepwise vertical 
planes from left side in FIG.l, Pi is determined by the relation between 
intersecting point in the object to be displayed formed by vertical planes and 
the above-mentioned straight line L. Thus, PiQj is derived from the 
determined Pi. Consequently, CjQj in FIG.2 can be calculated based on the 
above-mentioned equation from obtained PiQj. 

The amount of operation by the operating means is a product of pixels on 
the image display means 3 and a resolution along a depth direction of the 
object image to be displayed in the three-dimensional space, however, when 
the above-mentioned operation is executed, the amount of the calculation is 
remarkably reduced compared with conventional ways because only actually 
observed points are calculated and hidden surface process is also executed 
simultaneously. 
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AMENDED CLAIMS 
[Received by the International Bureau on 19 July, 2000 (19.07.00); 
Original claims 1 and 2 are replaced by new claims 1 and 2.] 

1. (Amended) A three-dimensional display device comprising: 

a convex lens array where a plurality of convex lenses are arranged, 

an image display means arranged on or near a focal plane of said 
convex lens array, 

an operating means to calculate only the farthest point from said 
image display means among points intersecting an object image to be 
displayed determined by said operating means, on a light starting from a pixel 
on said image display means passing through only the center of the curvature 
of the convex surface of a plurality of said respective convex lens among lights 
heading for a plurality of said convex lenses and heading toward said object 
image to be displayed in the predetermined three-dimensional space, and 

an image controlling means for instructing to display corresponding 
pixels on said image display means based on the image information calculated 
by said operating means. 

2. (Amended) A three-dimensional display device comprising: 

a light shielding plate where a plurality of pin holes are arranged, 
an image display means arranged at a predetermined distance from 
the light shielding plate, 

an operating means to calculate only the farthest point from said 
image display means among points intersecting an object image to be 
displayed determined by said operating means, on a light starting from a pixel 
on said image display means, passing through a plurality of said respective 
pin holes among lights heading for said light shielding plate and heading 
toward said object image to be displayed in the predetermined three - 
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dimensional space, and 

an image controlling means for instructing to display corresponding 
pixels on said image display means based on the image information calculated 
by said operating means. 

3. The three-dimensional display device according to claim 1 or claim 2, 
wherein; 

a plurality of said image display means are respectively arranged for a 
plurality of said lenses or for a plurality of said pin holes, and 

said three-dimensional image display device comprises a plurality of 
said image display means and a plurality of said convex lenses or comprises a 
plurality of said image display means and a plurality of said pin holes. 

4. The three-dimensional display device according to claim 1 or claim 2, 
wherein* 

a plurality of said image display means are arranged for one said 
convex lens array or for one said light shielding plate. 

5. The three-dimensional display device according to either one of the 
claims 1 to 4, wherein* 

a diffusing plate is arranged between a point determined by lines from 
respective pixels of said image display means and passed through the center 
points of the curvatures of the convex surfaces of a plurality of said convex 
lenses or said pin holes intersect each other and a position where observer's 
eyes are located. 

6. The three-dimensional image display device according to either one of 
the claims 1 to 5, wherein* 

a moving picture is displayed in said predetermined three-dimensional 
space based on the successive calculation by said operating means and 
simultaneous successive instructions from said controlling means. 
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STATEMENT UNDER ARTICLE 19(1) 



Claim 1 is characterized that the operating means to calculate only the 
farthest point from said image display means among points intersecting the 
object image to be displayed determined by the operating means, on the light 
starting from a pixel on the image display means passing through only the 
center of the curvature of the convex surface of a plurality of respective convex 
lens among lights heading for a plurality of convex lenses and heading toward 
the object image to be displayed in the predetermined three-dimensional 
space so as to reduce the amount of operation remarkably and to enable the 
image display device to reproduce at higher rate. 

Also claim 2 is characterized that the operating means to calculate only 
the farthest point from the image display means among points intersecting 
the object image to be displayed determined by said operating means, on the 
light starting from a pixel on the image display means, passing through a 
plurality of respective pin holes among lights heading for said light shielding 
plate and heading toward the object image to be displayed in the 
predetermined three-dimensional space, consequently, this claim attains the 
same effects as claim 1. 

Any cited references do not disclose the above-mentioned technical 
features. The cited reference JP11 174377 has a technical feature same as 
claims 1 and 2 of the present invention characterized that calculating the 
farthest points when intersecting points of lights heading for the object image 
to be displayed are determined. However, all farthest points are calculated in 
the cited reference. Which is different from the technical idea of the present 
invention such that the calculation is executed on lights passing through only 
centers of convex surfaces of convex lenses. 
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AMENDED CLAIMS 
[Received by the Japanese Patent Office on 22 January, 2001 (22.01.01). 
Original claims 1 and 2 are replaced by new claims 1 and 2.] 

1. (Twice amended) A three-dimensional display device comprising: 

a convex lens array where a plurality of convex lenses are arranged, 

an image display means arranged on or near a focal plane of said 
convex lens array, 

an operating means to calculate only the farthest point from said 
image display means among points intersecting an object image to be 
displayed determined by said operating means including not only points on 
the surface but also in the depth direction of the object, on a light starting 
from a pixel on said image display means passing through only the center of 
the curvature of the convex surface of a plurality of said respective convex 
lens among lights heading for a plurality of said convex lenses and heading 
toward said object image to be displayed in the predetermined three- 
dimensional space, and 

an image controlling means for instructing to display corresponding 
pixels on said image display means based on the image information calculated 
by said operating means. 

2. (Twice amended) A three-dimensional display device comprising" 

a light shielding plate where a plurality of pin holes are arranged, 
an image display means arranged at a predetermined distance from 
the light shielding plate, 

an operating means to calculate only the farthest point from said 
image display means among points intersecting an object image to be 
displayed determined by said operating means including not only points on 
the surface but also in the depth direction of the object, on a light starting 
from a pixel on said image display means, passing through a plurality of said 
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respective pin holes among lights heading for said light shielding plate and 
heading toward said object image to be displayed in the predetermined three- 
dimensional space, and 

an image controlling means for instructing to display corresponding 
pixels on said image display means based on the image information calculated 
by said operating means. 

3. The three-dimensional display device according to claim 1 or claim 2, 
wherein* 

a plurality of said image display means are respectively arranged for a 
plurality of said lenses or for a plurality of said pin holes, and 

said three-dimensional image display device comprises a plurality of 
said image display means and a plurality of said convex lenses or comprises a 
plurality of said image display means and a plurality of said pin holes. 

4. The three-dimensional display device according to claim 1 or claim 2, 
wherein* 

a plurality of said image display means are arranged for one said 
convex lens array or for one said light shielding plate. 

5. The three-dimensional display device according to either one of the 
clams 1 to 4, wherein - 

a diffusing plate is arranged between a point determined by lines from 
respective pixels of said image display means and passed through the center 
points of the curvatures of the convex surfaces of a plurality of said convex 
lenses or said pin holes intersect each other and a position where observer's 
eyes are located. 

6. The three-dimensional image display device according to either one of 
the claims 1 to 5, wherein" 

a moving picture is displayed in said predetermined three-dimensional 
space based on the successive calculation by said operating means and 
simultaneous successive instructions from said controlling means. 
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REFUTATION TO THE FIRST OPINION 

The first opinion of the international preliminary examination stated 
that the calculating method for limiting lights passing through an aperture 
and center of curvature of a lens is merely a fundamental analytical procedure 
in the geometrical optics. 

We admit the statement is as a matter of course and the above- 
mentioned calculating method itself can not constitute an invention. 

The most important point in the present invention is the calculating 
method of the displayed image on the screen positioned at the opposite side of 
the respective lens on the lens array through which the three-dimensional 
image consisting of a set of huge amount of pixels including not only on the 
surface but also the depth direction of the object, pass and is projected onto 
the display screen. 

In the conventional calculating method, at first intersecting points on 
the surface of the display screen positioned at the opposite side of the lenses, 
of the lights irradiated from center points of respective pixels, which consist 
three-dimensional image, passing through centers of lenses and projected on 
the display screen are calculated and then the hidden surface removal is 
executed so that it takes a long time before finishing the huge amount of 
calculation as follows. 
Example of the conventional calculation 

The object image: 1,000,000 voxels in the three-dimensional space of 256 

X 256X256 

The display means: a resolution of 1,000 X 1,000 
The lens array 100 X 100 lenses 

Amount of calculation^ number of voxels X number of lenses 

= 1,000,000X100X100 = 10,000,000,000 
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On the other hand the calculating method according to the present 
invention utilizes the fact that the display means consist a set of 
discontinuous pixels. 

Namely, the calculating method according to the present invention is 
characterized: a line connecting the center of a pixel on the display means and 
the center of a lens, is extended toward the three-dimensional image, and is 
scanned from the three-dimensional image side repeatedly. Information 
regarding the first point where the scanned line intersecting the three- 
dimensional image of the object to be displayed, is displayed on the pixel on 
the display means. Amount of calculation is remarkably reduced in the 
present method. 
Exam ple of the calculation accordin g to the present invention 

Maximum amount of calculation on the same condition as the above 
conventional method: number of pixels on the display means x a resolution 
along the depth direction of the three-dimensional image data = 1,000 X 1,000 
X 256 = 256,000,000 << 10,000,000,000 (conventional method) 

The Examiner's statement that calculating method for limiting lights 
passing through an aperture and center of curvature of a lens is merely a 
fundamental analytical procedure in the geometrical optics, indicates that the 
method is utilized not only in the present invention but also in the 
conventional calculation. Therefore it is needless to say that the method is not 
patentable. 
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SUBSTITUTE SPECIFICATION AND AMENDED CLAIMS 



THREE-DIMENSIONAL IMAGE DISPLAY DEVICE 



Field of the Invention 

[0001] The present invention relates to a three-dimensional image display device 
particularly applicable to the following fields. 
Medicine: 

Diagnosis through images, Operation aid, Remote diagnosis, Informed consent etc. 

Advertisement: 
Bill board, Product sample/display, Demonstration etc. 

Art: 

Art object, Painting, Graphic art, the Interior, Exhibition in art galleries/museums etc. 
Entertainment: 

Movie, Game, various Playing machines, Exhibition at attractions/theme pavilions and 
the like, Training and exercise in sports etc. 

I nformation/Multi-media: 
TV broadcast, TV conference, TV phone, Virtual reality, 
the Internet etc. 

Simulation: 

Driving exercise and operation planning for cars, airplanes, ships and space ships etc. 

Design Aid: 
Modeling, Strength test, Destruction test etc. 

Educational aid: 
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Specimen of human bodies, Biological objects and DNA structures, Celestial bodies, 
Map etc. 

Miscellaneous: 
Book, Model, Toy, Souvenir etc. 
5 Background of the Invention 

[0002] Numerous display devices for displaying motion or still pictures in a space have 
been developed, but most of them show different pictures viewed from the right and 
left eyes so as to add stereo feeling to these pictures. In these devices, one image 
is not displayed in the space but taking a parallax into consideration, two different 
10 images viewed from right and left eyes are displayed in these devices so that 
observers can recognize these right and left eye views as one image, which merely 
gives observers stereo feelings. 
[0003] Since the parallax is determined by a distance between right and left eyes, it is 
naturally different from each observer. Therefore when two different two- 
15 dimensional images are recognized as one three-dimensional image, but it is 
recognized differently by respective observers. 
[0004] In the above-mentioned method where two different two-dimensional images are 
recognized as one three-dimensional image, observers merely observe the same 
one three-dimensional image from a different angle, but do not observe a different 
20 corresponding three-dimensional image from that angle. 

[0005] In addition, since in the above-mentioned method different two-dimensional 
images having an artificial parallax viewed with right and left eyes are forcibly 
recognized as a three-dimensional image, there is a problem that observers are 
exhausted when trying to recognize the three-dimensional image. 
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[0006]A three-dimensional displaying method using integral photographic systems 
have been known. This method enables observers to recognize an image as a 
stereo image regardless of parallaxes, positions, observing directions, observing 
with one eye or two eyes of the observers without using any special spectacles. The 
5 method is enabled to be used in circumstances where the display devices are 
difficult in use and which are enabled to be observed by numerous people 
simultaneously with one display device,. 
[0007]As shown in FIG.6, this method employs an image display 3 arranged on the 
side of a surface 2b formed by center points of curvatures of convex surfaces of a 

10 convex lens array 2 where a plurality of convex lenses 2a are arranged, and 
employs an image forming means (not shown in the figure) to form images on the 
image display device. A liquid crystal display device, a Brown tube display device, a 
plasma display device, liquid crystal projector or a film projector with screen, or a 
printed image or developed film image etc. may be used as the image display 3. 

15 [0008] The convex lens array 2 comprises a plurality of convex lenses 2a and since it 
resembles a compound eye of an insect, it is called a fly eye lens plate or a 
compound eye lens. These convex lenses 2a may be arranged in a lattice 
configuration as shown in FIG.7A or arranged in a hexagonal configuration as 
shown in FIG.7B. 

20 [0009] Object images shot by cameras and the like or computer generated two- or 
three-dimensional characters or graphics etc. can be used as objects to be 
displayed. 

[0010] In order to form an image on the image display 3 by calculation with the aid of an 
image forming means (not shown in drawings), a point on the image display 3 
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formed by a projected light irradiated from a randomly selected point on an object 
image to be displayed in a predetermined three-dimensional space and passing 
through a center point Cj of the curvature of the convex surface of the convex lens 
2a, is calculated as shown in FIG.8. A projected image on the image display means 
5 is formed by repeating these calculations on all points on the object image to be 
displayed passing through center points Cj of the curvatures of convex lenses 2a. 
[0011]The projected image on the image display 3, originated from the object image 4 
to be displayed, which pass through the center points Cj of curvatures of convex 
lenses 2a, is displayed for example on a liquid crystal display device and the 

10 projected image heads for a predetermined three-dimensional space when the 
image display 3 is irradiated by a back light 6 from the right side as shown in FIG.9. 
A plurality of rays R corresponding to respective points to be projected in the three- 
dimensional space are converged one point to form a new apparent light spot O 
which an observer W can observe as a three-dimensional image. 

15 [0012] As shown in FIG.10, in place of the lens array, three-dimensional image display 
device 11 may comprise a light shielding plate 12 where a plurality of pin holes 12a, 
an image displaying means 13 arranged a predetermined distance from the light 
shielding plate 12 and an image forming means (not shown in FIG.10) for forming 
images on the image displaying means 13. 

20 [001 3] A plurality of pin holes 12a are perforated on the light shielding plate 12, where 
pin holes 12a may be arranged either in a lattice configuration as shown in FIG.11A 
or in a honey comb configuration as shown in FIG.11B. 
[0014]The image can be also displayed in the predetermined three-dimensional space 
by utilizing the light shielding plate 12 in the same way as the above-mentioned 
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convex lens array 2, by adjusting pin holes 12a at positions corresponding to 
curvature centers Cj of the convex surfaces of convex lens 2a. 
[001 51 As a conventional art regarding the above-mentioned integral photography, the 
Japanese laid open patent No. 4-133049 discloses a method to record three- 
5 dimensional still images, where the convex lens array is used for displaying three- 
dimensional images and an XYZ plotter and recording media for recording three- 
dimensional still pictures on the recording media by moving a point light source 
mechanically, are disclosed. 
[0016]The Japanese laid open patent No. 10-186275 where the above-mentioned 

10 integral photography is employed, discloses a three-dimensional display device 
capable of being manufactured easily, without having distinct respective lens marks, 
having excellent focusing performance and displaying three-dimensional images in 
a state keeping enough brightness. The three-dimensional display device has a 
feature that gaps among a plurality lens elements comprising a lens array, are 

15 shielded by light shielding members. 

[001 7] In these conventional three-dimensional display devices, images to be displayed 
on the image display 3 are formed through calculations executed by the image 
forming means in a way shown in FIG.8. However, since the amount to be 
calculated correspond to a product of the number of points not only on the surface 

20 but also including inside of the object comprising the object image to be displayed in 
the predetermined three-dimensional space and the number of lenses on the lens 
array (or the number of pin holes on the light shielding plate) and, since an 
additional hidden surface process (a process to remove actually unobserved points) 
is necessary, a huge amount of calculation is required. Since moving pictures 
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requires forming many images at a high rate, a large scaled three-dimensional 
display device is required, and consequently requiring a higher cost. 
Disclosure of the Invention 

[0018]The present invention is carried out in view of the above-mentioned conventional 
5 problems so as to provide a three-dimensional display device capable of forming 
images at a high rate by remarkably reducing the amount of calculation. 
[001 9] Other objective of the present invention is to provide a three-dimensional display 
device with a large display screen and a three-dimensional display device capable 
of displaying more vivid images. 

10 [0020] In order to attain the above-mentioned objectives, the three-dimensional display 
device according to the present invention comprises: the convex lens array where a 
plurality of convex lenses are arranged, the image display means arranged on or 
near a focal plane of the lens array; an operating means to calculate only the 
furthest point from the image display means among points intersecting the object 

15 image to be displayed determined by the operating means, on a light starting from a 
pixel on the image display means, passing through only the center of the curvature 
of the convex surface of a plurality of respective convex lenses among lights 
heading for a plurality of the convex lenses and heading toward the object image to 
be displayed in the predetermined three-dimensional space; and an image 

20 controlling means for instructing the display of corresponding pixels on the image 
display means based on the image information calculated by the operating means. 
[0021] The three-dimensional display device according to the present invention 
comprises: the light shielding plate where a plurality of pin holes are arranged; the 
image display means arranged at the predetermined distance from the light 
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shielding plate; the operating means to calculate only the furthest point from the 
image display means among points intersecting the object image to be displayed 
determined by the operating means, on a light starting from the pixel on the image 
display means, passing through a plurality of respective pin holes among lights 
5 heading for the light shielding plate and heading toward the object image to be 
displayed in the predetermined three-dimensional space; and the image controlling 
means for instructing to display corresponding pixels on the image display means 
based on the image information calculated the operating means. 
[0022] Since the amount to be calculated by the operating means is, for example, a 

10 product of pixels on the image display means and a resolution including pixels not 
only on the surface but also along a vertical direction of the object image to be 
displayed in the predetermined three-dimensional space, the amount to be 
calculated according to the present invention is capable of reducing to a large extent 
by employing the above-mentioned three-dimensional image display device. And 

15 since additional hidden surface process is simultaneously executed according to the 
present method, the amount to be calculated is further reduced so that images can 
be formed at a high rate. 
[0023]When the convex lens array and the light shielding plate where pin holes are 
arranged, are compared, the latter is easier to manufacture, but the convex lens 

20 array is capable of accumulating light so that more bright images are obtained. 

[0024] A three-dimensional display device having a constitution of a plurality of image 
display means and a plurality of the above-mentioned lenses or a constitution of a 
plurality of image display means and a plurality of the above-mentioned pin holes, 
namely, one image display means is arranged for a plurality of respective convex 
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lenses or pin holes, can be arranged. In addition a plurality of the above-mentioned 
image display means can be arranged for one above-mentioned lens array or one 
light shielding plate. 

[0025] Since a plurality of the image display means can be arranged in the three- 
5 dimensional image display device, a image display screen having any dimension 
can be attained so that a three-dimensional image display device having a large 
scaled screen can be provided. 
[0026] A diffusing plate can be arranged between a point determined by lines irradiated 
from respective pixels of the image display means and passing through respective 
10 center points of the curvatures of the convex surfaces of a plurality of the convex 
lenses or respective pin holes intersect each other and a point where the observer's 
eyes are positioned. 

[0027] By introducing the diffusing plate between the image displayed in the three 
dimensional space and the observer even when the observer's eyes are not 

15 positioned on the light irradiated from respective pixels of the image display means 
and passed through respective center points of the curvatures of the convex 
surfaces of a plurality of the convex lenses or respective pin holes, other points on 
the image display means not on the above mentioned light are also observed so 
that a resolution of the projected image in the predetermined three-dimensional 

20 space is enhanced because an apparent size of pixels become smaller than a 
diameter of the convex lens or the pin hole. 
[0028] Moving pictures can be displayed in the predetermined three-dimensional space 
by successively calculating with the operating means and successively instructing 
from the controlling means. 
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[0029] According to the present invention, since images can be formed at the high rate 
as mentioned above, more vivid images can be displayed even when the moving 
picture is displayed. An apparent resolution of the moving picture can be improved, 
since an afterimage effect of observers' eyes can be utilized. 

5 

Brief Description of Drawings 

[0030] FIG. 1 is a schematic diagram for explaining a calculating method by the 
operating means in a first embodiment of the three-dimensional display device 
according to the present invention. 
10 [0031JFIG.2 is a schematic diagram for explaining the calculating method by the 
operating means in the first embodiment of the three-dimensional display device 
according to the present invention. 

[0032]FIG.3 is a schematic diagram showing a second embodiment of the three- 
dimensional display device according to the present invention, where one convex 
15 lens is arranged to one image display means. 

[0033JFIG.4 is a schematic diagram showing a third embodiment of the three- 
dimensional display device according to the present invention, where one pin hole is 
arranged to one image display means. 

[0034]FlGs.5A and 5B are a schematic diagram showing a fourth embodiment of the 
20 three-dimensional display device according to the present invention, where FIG.5A 
shows the three-dimensional display device without the diffusing plate and FIG.5B 
shows the three-dimensional display device equipped with the diffusing plate. 

[0035]F1G.6 is a schematic diagram showing a conventional embodiment of the three- 
dimensional display device employing the convex lens array where a plurality of 
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convex lenses are arranged. 
[0036]FIGs.7A and 7B are schematic diagrams showing configurations of convex 
lenses in the three-dimensional display device in FIG.6, where FIG.7A shows a 
lattice configuration and FIG.7B shows a honey comb configuration. 
5 [0037JFIG.8 is a schematic diagram for explaining a forming method of object images 
to be displayed in the three-dimensional space in the conventional three- 
dimensional display device, projected on the image display means via convex lens 
array, by calculation. 

[0038]FIG.9 is a schematic diagram for explaining a displaying method in the three- 
10 dimensional space by employing the conventional three-dimensional display device. 
[0039] FIG. 10 is a schematic diagram showing another conventional example of the 
three-dimensional display device employing the light shielding plate where a 
plurality of pin holes are arranged. 
[0040]FIGs.11A and 11 B are schematic diagrams showing configurations of convex 
15 lenses in the three-dimensional display device in FIG. 10, where FIG.11A shows a 
lattice configuration and FIG. 11 B shows a honey comb configuration. 

Detailed Description of Preferred Embodiments 

[0041] Hereinafter embodied examples of the three-dimensional display devices 
20 according to the present invention are described by referring drawings. 

[0042] As a first embodied example, a three-dimensional display device shown in FIG.6 
comprising the lens array 2 where a plurality of convex lenses 2a are arranged and 
the image display 3 arranged at the side of the surface 2b determined by center 
points of curvatures of convex surfaces of convex lenses 2a of the convex lens 
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array 2 is explained. 

[0043] In the same way as the conventional display devices, the liquid crystal display 
device, the Brown tube image display device, the plasma display device, the liquid 
crystal or film projector with the screen, or the printed or developed film image etc. 
5 can be employed as the three-dimensional display device 3. Two-dimensional or 
three-dimensional character or graphic images formed by photographs of real 
objects and computer graphics can be used as objects to be displayed. 
[0044] In addition to the above-mentioned convex lens array 2 and image display 3, the 
operating means and the image controlling means, both are not shown in the figure, 
10 are equipped in the three-dimensional display device according to the present 
invention, 

[0045] As shown in FIG.1, the operating means calculates a farthest point Pi from the 
three-dimensional display 3 among points in an object image 4 to be displayed, on 
an intersecting straight line L starting from respective pixel Dij on the image display 

15 3, passing through respective center points Cj of the curvatures of respective 
convex surfaces of a plurality of convex lenses 2a and directing toward the object 
image 4 to be displayed. The image controlling means instructs to display image 
information of the point Pi calculated by the operating means, onto the 
corresponding pixel Dij of the image display 3. 

20 [0046JA whole image to be displayed on the image display 3 is formed by executing 
the above-mentioned procedure over the whole pixels on the image display 3. 
[0047JFIG.2 is a schematic diagram showing a calculating method for selecting the 
farthest point Pi from the three-dimensional display 3 among points in the object 
image 4 to be displayed, on the intersecting straight line L starting from respective 



11 



505500-bU 



pixel Dij on the image display 3, passing through respective center points Cj of the 
curvatures of respective convex surfaces of a plurality of convex lenses 2a and 
directing toward the object image 4 to be displayed. 

[0048] The image display 3 is arranged below the convex lens array 2, where a 
5 distance between them is defined as "h" and a center point of the curvature of the 
convex surface of the convex lens 2a is defined as "Cj". It is assumed that the 
image to be displayed (corresponds to 4 in FIG.1) in the predetermined three- 
dimensional space is located above the convex lens array. 

[0049] Here Pi is defined as the farthest point among points in the object image 4 to be 
10 displayed, on the intersecting straight line L starting from a pixel Dij on the image 
display 3, passing through a center point Cj of a curvature of a convex surface of a 
convex lens 2a and directing toward the object image 4 to be displayed. 

[0050]A toe of a perpendicular line to the surface 2b determined by center points of 
curvatures of convex surfaces of convex lenses 2a is defined as "Qj". And a toe of a 
15 perpendicular line from the center point Cj of the curvature of the convex surface of 
the convex lens 2a, to the image display 3 is defined as "Cj'". Since a triangle 
CjCj'Dij and a triangle PiQjCj are similar figures, the following equation is derived: 

[0051]CjQj : PiQj = DijCj' :h 

[0052] Since DijCj* is determined by a geometrical relation between the lens array 2 and 
20 the image display 3, when either CjQj or PiQj is measured, remaining either of them 
can be calculated. 

[0053] When the object image 4 to be displayed is scanned by stepwise vertical planes 
from left side in FIG.1, Pi is determined by the relation between intersecting point in 
the object to be displayed formed by vertical planes and the above-mentioned 
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straight line L Thus, PiQj is derived from the determined Pi. Consequently, CjQj in 
FIG.2 can be calculated based on the above-mentioned equation from obtained 
PiQj. 

[0054]The amount of operation by the operating means is a product of pixels on the 
image display 3 and a resolution along a depth direction of the object image to be 
displayed in the three-dimensional space. However, when the above mentioned 
operation is executed, the amount of calculation is remarkably reduced compared 
with conventional methods because only actually observed points are calculated 
and a hidden surface process is also executed simultaneously. 

[0055] One example of apparatus to carry out the above-mentioned method, namely, an 
actual constitution of the operating means and the image controlling means, is a 
combination of CT (Computerized tomography) which takes three-dimensional 
tomographic images, and a personal computer which execute above-mentioned 
operation so as to obtain image data to be displayed on the three-dimensional 
image display 3. When the convex lens array is placed in front of the liquid crystal 
display device used as the image display 3 on which the obtained image data are 
displayed, the above-mentioned three-dimensional tomographic image is displayed 
in the predetermined three-dimensional space situated in front of the convex lens 
array. 

[0056] In the same way as the conventional methods in place of the convex lens array, 
the light shielding plate 12 where a plurality of pin holes 12a are arranged as shown 
in FIG. 10 can be used together with the above-mentioned operational means and 
the image controlling means so that the three-dimensional display device according 
to the present invention is constituted. Since effects of the pin holes 12a in place of 
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the convex lens array 12 are the same as in the conventional methods, further 
explanation is omitted. 
[0057] Hereinafter the second embodiment of the three-dimensional display device 
according to the present invention is explained by referring FIG.3. 
5 [0058] In the above mentioned first embodiment one image display device is used for 
one convex lens array 2 where a plurality of convex lenses are arranged, but 
individual image display devices 3 (3A to 3D) are arranged respectively to a plurality 
of convex lenses 2a in this embodiment so that the three-dimensional display device 
1 comprises a plurality of image display 3 (3A to 3D) and a plurality of convex 

10 lenses 2a. When this arrangement is employed, an image display surface having 
desired size can be constituted and the three-dimensional image display device 3 
having a large display screen can be provided. 
[0059] As the third embodiment of the three-dimensional display device shown in FIG.4 
according to the present invention, individual image display devices 13 (13A to 13D) 

15 are arranged respectively to a plurality of pin holes 12a so that the three- 
dimensional display device 11 comprises a plurality of image display means 13 (13A 
to 13D) and a plurality of convex lenses 12a, which attains the same effect as the 
second embodiment. 

[0060] By arranging a plurality of image display 3 (or 13) for at least one convex lens 
20 array 2 or light shielding plate 12 in stead of one to one arrangement of the convex 
lens 2 or the pin hole 12a for the image display 3 (or 13) as described in the 
embodiments 2 and 3, an image display surface having desired size can be 
constituted and the three-dimensional image display device 3 having the large 
display screen can be provided. 
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[0061]As shown in FIG.5B, a diffusing plate 5 such as a ground glass plate and the like 
is placed between a point O, where straight lines from respective pixels on the 
image display 3 toward the object image to be displayed in the predetermined three- 
dimensional space via respective center points Cj of curvatures of convex surfaces 
5 of convex lenses 2a arranged on the lens array 2 intersect each other, and a 
position where observer W's eyes are located. 
[0062]As shown in FIG.5A when the diffusing plate 5 is not placed, the observer W 
observes only points on the lines connected between observer W's eyes and 
respective center points Cj of curvatures of convex surfaces of convex lenses 2a so 
10 that only one pixel is observed for one convex lens 2a, consequently, an apparent 
pixel size corresponds to the diameter of the convex lens 2a. 
[0063] On the other hand when the diffusing plate 5 is placed as shown in FIG,5B, the 
apparent pixel size looks smaller than the diameter of the convex lens 2a, which 
increase a resolution of a projector, because the observer W can observe other 
15 points not on the lines connected between observer W's eyes and respective center 
points Cj of curvatures of convex surfaces of convex lenses 2a, due to difFused 
lights which reach into observer W's eyes as synthesized lights S. 
[0064]Although not shown in drawings, the above mentioned diffusing plate 5 can be 
used in the case of the light shielding plate 12 in place of the convex lens array 2. In 
20 this case, the apparent pixel size looks smaller than a pin hole spacing, which 
increase a resolution projected in the predetermined three-dimensional space, 
because through the diffusing plate 5 the observer W can observe other points not 
on lines from respective pixels on the image display means toward object image to 
be displayed in the predetermined three-dimensional space via a plurality of pin 
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holes even when observer W's eyes are not on these lines. 
[0065] Moving pictures can be displayed in the predetermined three-dimensional space 
when the calculation by the above-mentioned operating means and instructions by 
the image controlling means are successively executed. Since the residual image 
5 effects in the human eyes are attained by moving pictures, the apparent resolution 
can be improved. 

[0066]As explained above, images can be formed at higher rate, since the amount of 
operation for forming images is remarkably reduced by the present invention 
compared with conventional methods. Due to reduced operating amount, a smaller 
10 scaled three-dimensional display device can be provided, as a result, a less 
expensive three-dimensional display device can be provided. 
[0067] In addition to the above-mentioned effects the present invention is capable of 
constituting an image display screen having any desired size and providing the 
three-dimensional display device having a large scaled display screen. 
15 [0068] Further, the apparent pixel size can be reduced to less than the diameter of the 
convex lens or the pin hole spacing, consequently the three-dimensional display 
device capable of attaining higher resolutions in images projected in the 
predetermined three-dimensional space can be provided. 
[0069]The three-dimensional image display device capable of displaying more vivid 
20 moving pictures can be provided when the calculation by the operating means and 
instructions by the image controlling means are successively executed, because 
images can be formed at high rate even when moving pictures are displayed in the 
predetermined three-dimensional space. 
[0070] The three-dimensional image display device according to the present invention 
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can be applied to the following fields, can provide more vivid images and can 
provide less expensive systems. 
[0071] Medicine: 

[0072] Diagnosis through images, Operation aid, Remote diagnosis, Informed consent 
5 etc. 

[0073] Advertisement: 

[0074] Bill board, Product sample/display, Demonstration etc. 
[0075] Art: 

[0076] Art object, Painting, Graphic art, the Interior, Exhibition in art galleries/museums 
10 etc. 

[0077] E ntertainment: 

[0078] Movie, Game, various Playing machines, Exhibition at attractions/theme 

pavilions and the like, Training and exercise in sports etc. 
[0079] I nformation/Multi-media: 
15 [0080] TV broadcast, TV conference, TV phone, Virtual reality, 
[0081] the Internet etc. 
[0082] Simulation: 

[0083] Driving exercise and operation planning for cars, airplanes, ships and space 
ships etc. 
20 [0084] Design Aid: 

[0085] Modeling, Strength test, Destruction test etc. 
[0086] Educational aid: 

[0087] Specimen of human bodies, Biological objects and DNA structures, Celestial 
bodies, Map etc. 
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[0088] Miscellaneous: 

[0089] Book, Model, Toy, Souvenir etc. 
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What is claimed is 

1 . A three-dimensional display device comprising: 

a convex lens array including a plurality of convex lenses having a focal plane, 
each lens having a convex surface; 

image display means arranged on or adjacent to the focal plane of said convex 

lens array; 

operating means for calculating only the furthest point from said image display 
means among points intersecting an object image to be displayed determined by the 
operating means including not only points on the convex surface of each of the lenses 
of the array, but also in a depth direction of the object, on light starting from a pixel on 
said image display means passing through only the center of the curvature of the 
convex surfaces of the plurality of said respective convex lenses among light rays 
heading for a plurality of said convex lenses and heading toward said object image to 
be displayed in the predetermined three-dimensional space; and 

image controlling means responsive to the operating means for controlling the 
display of corresponding pixels on said image display means based on the image 
information calculated by said operating means. 

2. A three-dimensional display device comprising: 

a light shielding plate having a plurality of pin holes; 

image display means arranged at a predetermined distance from the light 
shielding plate; 

operating means for calculating only the furthest point from said image display 
means among points intersecting an object image to be displayed determined by said 
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operating means including not only points on the surface of the plate but also in a 
depth direction of the object, on light starting from a pixel on said image display means, 
passing through a plurality of said respective pin holes among light rays heading for 
said light shielding plate and heading toward said object image to be displayed in the 
5 predetermined three-dimensional space, and 

image controlling means for controlling the display of corresponding pixels on 
said image display means based on the image information calculated by said operating 
means. 

10 3. The three-dimensional display device according to claim 1 or claim 2, wherein; 

a plurality of said image display means are respectively arranged for a plurality 
of said lenses or for a plurality of said pin holes, and 

said three-dimensional image display device comprising a plurality of said image 
display means and a plurality of said convex lenses or comprises a plurality of said 
15 image display means and a plurality of said pin holes. 

4. The three-dimensional display device according to claim 1 or claim 2, wherein: 

a plurality of said image display means are arranged for one said convex lens 
array or for one said light shielding plate. 

20 

5. The three-dimensional display device according to claim 1 or 2, including: 

a diffusing plate arranged between a point determined by light from respective 
pixels of said image display means and passed through the center points of the 
curvatures of the convex surfaces of a plurality of said convex lenses or said pin holes 
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intersect each other and a position where observer's eyes are located. 

6. The three-dimensional display device according to claim 3, including: 

a diffusing plate arranged between a point determined by light from respective 
5 pixels of said image display means and passed through the center points of the 
curvatures of the convex surfaces of a plurality of said convex lenses or said pin holes 
intersect each other and a position where observer's eyes are located. 

7. The three-dimensional display device according to claim 4, including: 

10 a diffusing plate arranged between a point determined by light from respective 

pixels of said image display means and passed through the center points of the 
curvatures of the convex surfaces of a plurality of said convex lenses or said pin holes 
intersect each other and a position where observer's eyes are located. 

15 8. The three-dimensional image display device according to claims 1 or 2, wherein: 

a moving picture is displayed in said predetermined three-dimensional space 
based on the successive calculation by said operating means and simultaneous 
successive instructions from said controlling means. 
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ABSTRACT OF THE DISCLOSURE 

5 

[0090] A three-dimensional image display device capable of forming images at a higher 
rate is provided by reducing amount of operation for forming images. The three- 
dimensional display device comprising: a convex lens array 2 where a plurality of 

10 convex lenses 2a are arranged, an image display 3 arranged on or near a focal 
plane of the lens array 2, an operating means to calculate the farthest point Pi from 
the image display 3 among points intersecting the object image to be displayed, on 
a line L starting from a pixel on the image display 3 passing through the center of 
the curvature of the convex surface of a plurality of said respective convex lens and 

15 heading toward the object image to be displayed in the predetermined three- 
dimensional space via center Cj of the curvature of the convex surface of a plurality 
of respective convex lens 2a, and an image controlling means for instructing to 
display corresponding pixels Cij on the image display 3 based on the image 
information Pi calculated by the operating means. A light shielding plate 12 where a 

20 plurality of pin holes are arranged, can be employed in place of the lens array 2. 

#116109 v1 
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PATENT SPECIFICATION 

THREE-DIMENSIONAL IMAGE DISPLAY DEVICE 

Field of the Invention 

The present invention relates to a three-dimensional image display 
device particularly applicable to the following fields. 
(D Medicine- 

Diagnosis through images, Operation aid, Remote diagnosis, 
Informed consent etc. 

(2) Advertisement- 

Bill board, Product sample/display, Demonstration etc. 

(3) Art: 

Art object, Painting, Graphic art, the Interior, Exhibition in art 
galleries/museums etc. 
® Entertainment: 

Movie, Game, various Playing machines, Exhibition at 

attractions/theme pavilions and the like, Training and exercise 

in sports etc. 

(5) Information/Multi-media: 

TV broadcast, TV conference, TV phone, Virtual reality, 
the Internet etc. 

(6) Simulation: 

Driving exercise and operation planning for cars, airplanes, 
ships and space ships etc. 

© Design Aid- 
Modeling, Strength test, Destruction test etc. 

® Educational aid'- 

Specimen of human bodies, Biological objects and DNA 
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structures, Celestial bodies, Map etc. 
(9) Miscellaneous: 

Book, Model, Toy, Souvenir etc. 

Background of the Invention 

Numerous display devices for displaying motion or still pictures in a 
space have been developed, but most of them show different pictures viewed 
from the right and left eyes so as to add stereo feeling to these pictures. In 
these devices, one image is not displayed in the space but taking a parallax 
into consideration, two different images viewed from right and left eyes are 
displayed in these devices so that observers can recognize these right and left 
eye views as one image, which merely gives observers stereo feelings. 

Since the parallax is determined by a distance between right and left 
eyes, it is naturally different from each observer. Therefore when two 
different two-dimensional images are recognized as one three-dimensional 
image, but it is recognized differently by respective observers. 

In the above-mentioned method where two different two-dimensional 
images are recognized as one three-dimensional image, observers merely 
observe the same one three-dimensional image from a different angle, but do 
not observe a different corresponding three-dimensional image from that 
angle. 

In addition, since in the above-mentioned method different two- 
dimensional image having an artificial parallax viewed with right and left 
eyes are forcibly recognized as the three-dimensional image, there is a 
problem that observers are exhausted when observers try to recognize the 
three-dimensional image. 

As a three-dimensional displaying method, which enables observers to 
recognize an image as a stereo image regardless of parallaxes, positions, 
observing directions, observing with one eye or two eyes of observers without 
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using any special spectacles, enables to be used in circumstances where 
display devices are difficult in use and enables to be observed by other people 
simultaneously with one display device, integral photographic systems have 
been known. 

As shown in FIG. 6 this method employs an image display means 3 
arranged on the side of a surface 2b formed by center points of curvatures of 
convex surfaces of a convex lens array 2 where a plurality of convex lenses 2a 
are arranged, and employs an image forming means (not shown in the figure) 
to form images on the image display device. A liquid crystal display device, a 
Brown tube display device, a plasma display device, liquid crystal projector or 
a film projector with screen, or a printed image or developed film image etc. 
may be used as the image display means 3. 

The convex lens array 2 comprises a plurality of convex lenses 2a and 
since it resembles a compound eye of an insect, it is called a fly eye lens plate 
or a compound eye lens. These convex lenses 2a may be arranged in a lattice 
configuration as shown in FIG.7Aor arranged in a hexagonal configuration as 
shown in FIG.7B. 

Object images shot by cameras and the like or computer generated two- 
or three-dimensional characters or graphics etc. can be used as objects to be 
displayed. 

In order to form an image on the image display means 3 by calculation 
with the aid of an image forming means (not shown in drawings), a point on 
the image display means 3 formed by a projected light irradiated from a 
randomly selected point on an object image to be displayed in a predetermined 
three-dimensional space and passing through a center point Cj of the 
curvature of the convex surface of the convex lens 2a, is calculated as shown 
in FIG. 8. A projected image on the image display means is formed by 
repeating these calculations on all points on the object image to be displayed 
passing through center points Cj of the curvatures of convex lenses 2a. 
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The projected image on the image display means 3, originated from the 
object image 4 to be displayed, which pass through the center points Cj of 
curvatures of convex lenses 2a, is displayed for example on a liquid crystal 
display device and the projected image heads for a predetermined three- 
dimensional space when the image display means 3 is irradiated by a back 
light 6 from the right side as shown in FIG. 9. A plurality of rays R 
corresponding to respective points to be projected in the three-dimensional 
space are converged one point to form a new light source O which an observer 
W can observe as a three-dimensional image. 

As shown in FIG, 10, in place of the lens array, three-dimensional image 
display device 11 may comprise a light shielding plate 12 where a plurality of 
pin holes 12a, an image displaying means 13 arranged a predetermined 
distance from the light shielding plate 12 and an image forming means (not 
shown in FIG. 10) for forming images on the image displaying means 13. 

A plurality of pin holes 12a are perforated on the light shielding plate 12, 
where pin holes 12a may be arranged either in a lattice configuration as 
shown in FIG.llAor in a honey comb configuration as shown in FIG.11B. 

The image can be also displayed in the predetermined three-dimensional 
space by utilizing the light shielding plate 12 in the same way as the above- 
mentioned convex lens array 2 ? by adjusting pin holes 12a at positions 
corresponding to curvature centers Cj of the convex surfaces of convex lens 2a. 

As a conventional art regarding the above-mentioned integral 
photography, the Japanese laid open patent No. 4-133049 discloses a method 
to record three-dimensional still images, where the convex lens array is used 
for displaying three-dimensional images and an XYZ plotter and recording 
media for recording three-dimensional still pictures on the recording media by 
moving a point light source mechanically, are disclosed. 

The Japanese laid open patent No. 10-186275 where the above- 
mentioned integral photography is employed, discloses a three-dimensional 
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display device capable of being manufactured easily, without having distinct 
respective lens marks, having excellent focusing performance and displaying 
three-dimensional images in a state keeping enough brightness. The three- 
dimensional display device has a feature that gaps among a plurality lens 
elements comprising a lens array, are shielded by light shielding members. 

In these conventional three-dimensional display devices, images to be 
displayed on the image display means 3 are formed through calculations 
executed by the image forming means in a way shown in FIG. 8. However, 
since the amount to be calculated correspond to a product of the number of 
points comprising the object image to be displayed in the predetermined 
three*dimensional space and the number of lenses on the lens array (or the 
number of pin holes on the light shielding plate) and, since an additional 
hidden surface process (a process to remove actually unobserved points) is 
necessary, a huge amount of calculation is required. Since moving pictures 
requires forming a lot of images at a high rate, a large scaled three- 
dimensional display device is required, consequently it requires a higher cost. 

Disclosure of the Invention 

The present invention is carried out in view of the above-mentioned 
conventional problems so as to provide a three-dimensional display device 
capable of forming images at a high rate by remarkably reducing the amount 
of calculation. 

Other objective of the present invention is to provide a three- 
dimensional display device with a large display screen and a three- 
dimensional display device capable of displaying more vivid images. 

In order to attain the above-mentioned objectives, the three-dimensional 
display device according to the present invention comprises* the convex lens 
array where a plurality of convex lenses are arranged, the image display 
means arranged on or near a focal plane of the lens array; an operating means 
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to calculate the farthest point from the image display means among points 
intersecting the object image to be displayed, on a line starting from each 
pixel on the image display means, passing through the center of the curvature 
of the convex surface of a plurality of respective convex lenses and heading 
toward the object image to be displayed in the predetermined three- 
dimensional space; and an image controlling means for instructing to display 
corresponding pixels on the image display means based on the image 
information calculated the operating means. 

The three-dimensional display device according to the present invention 
comprises: the light shielding plate where a plurality of pin holes are 
arranged; the image display means arranged at the predetermined distance 
from the light shielding plate; the operating means to calculate the farthest 
point from the image display means among points intersecting the object 
image to be displayed, on a line starting from the pixel on the image display 
means, passing through a plurality of respective pin holes and heading toward 
the object image to be displayed in the predetermined three-dimensional 
space; and the image controlling means for instructing to display 
corresponding pixels on the image display means based on the image 
information calculated the operating means. 

Since the amount to be calculated by the operating means is, for example, 
a product of pixels on the image display means and a resolution along a 
vertical direction of the object image to be displayed in the predetermined 
three-dimensional space, the amount to be calculated according to the present 
invention is capable of reducing to a large extent by employing the above- 
mentioned three-dimensional image display device. And since additional 
hidden surface process is simultaneously executed according to the present 
method, the amount to be calculated is further reduced so that images can be 
formed at a high rate. 

When the convex lens array and the light shielding plate where pin holes 



6 



PCT/JP99/05669 



are arranged, are compared, the latter is easier to manufacture, but the 
convex lens array is capable of accumulating light so that more bright images 
are obtained. 

A three-dimensional display device having a constitution of a plurality of 
image display means and a plurality of the above-mentioned lenses or a 
constitution of a plurality of image display means and a plurality of the 
above-mentioned pin holes, namely, one image display means is arranged for a 
plurality of respective convex lenses or pin holes, can be arranged. In addition 
a plurality of the above-mentioned image display means can be arranged for 
one above-mentioned lens array or one light shielding plate. 

Since a plurality of the image display means can be arranged in the 
three-dimensional image display device, a image display screen having any 
dimension can be attained so that a three-dimensional image display device 
having a large scaled screen can be provided. 

A diffusing plate can be arranged between a point determined by lines 
irradiated from respective pixels of the image display means and passing 
through respective center points of the curvatures of the convex surfaces of a 
plurality of the convex lenses or respective pin holes intersect each other and 
a point where the observer's eyes are positioned. 

By introducing the diffusing plate even when observer's eyes are not 
positioned on the lines irradiated from respective pixels of the image display 
means and passed through respective center points of the curvatures of the 
convex surfaces of a plurality of the convex lenses or respective pin holes, 
other points on the image display means not on the above mentioned lines are 
also observed so that a resolution of the projected image in the predetermined 
three-dimensional space is enhanced because an apparent size of pixels 
become smaller than a diameter of the convex lens or the pin hole. 

Moving pictures can be displayed in the predetermined three- 
dimensional space by successively calculating with the operating means and 
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successively instructing from the controlling means. 

According to the present invention, since images can be formed at the 
high rate as mentioned above, more vivid images can be displayed even when 
the moving picture is displayed. An apparent resolution of the moving picture 
can be improved, since an afterimage effect of observers' eyes can be utilized. 

Brief Description of Drawings 

FIG.l is a schematic diagram for explaining a calculating method by the 
operating means in a first embodiment of the three-dimensional display 
device according to the present invention. 

FIG. 2 is a schematic diagram for explaining the calculating method by 
the operating means in the first embodiment of the three-dimensional display 
device according to the present invention. 

FIG. 3 is a schematic diagram showing a second embodiment of the 
three-dimensional display device according to the present invention, where 
one convex lens is arranged to one image display means. 

FIG. 4 is a schematic diagram showing a third embodiment of the three- 
dimensional display device according to the present invention, where one pin 
hole is arranged to one image display means. 

FIGs.SAand 5B are a schematic diagram showing a fourth embodiment 
of the three-dimensional display device according to the present invention, 
where FIG. 5 A shows the three-dimensional display device without the 
diffusing plate and FIG.5B shows the three-dimensional display device 
equipped with the diffusing plate. 

FIG. 6 is a schematic diagram showing a conventional embodiment of the 
three-dimensional display device employing the convex lens array where a 
plurality of convex lenses are arranged. 

FIGs.7A and 7B are schematic diagrams showing configurations of 
convex lenses in the three-dimensional display device in FIG. 6, where FrG.7A 
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shows a lattice configuration and FIG.7B shows a honey comb configuration. 

FIG. 8 is a schematic diagram for explaining a forming method of object 
images to be displayed in the three-dimensional space in the conventional 
three* dimensional display device, projected on the image display means via 
convex lens array, by calculation. 

FIG. 9 is a schematic diagram for explaining a displaying method in the 
three-dimensional space by employing the conventional three-dimensional 
display device. 

FIG. 10 is a schematic diagram showing another conventional example of 
the three-dimensional display device employing the light shielding plate 
where a plurality of pin holes are arranged. 

FIGs.llA and 11B are schematic diagrams showing configurations of 
convex lenses in the three-dimensional display device in FIG. 10, where 
FIG.11A shows a lattice configuration and FIG. 11B shows a honey comb 
configuration. 

Detailed Description of Preferred Embodiments 

Hereinafter embodied examples of the three-dimensional display devices 
according to the present invention are described by referring drawings. 

As a first embodied example, a three-dimensional display device shown 
in FIG. 6 comprising the lens array 2 where a plurality of convex lenses 2a are 
arranged and the image display means 3 arranged at the side of the surface 2b 
determined by center points of curvatures of convex surfaces of convex lenses 
2a of the convex lens array 2 is explained. 

In the same way as the conventional display devices, the liquid crystal 
display device, the Brown tube image display device, the plasma display 
device, the liquid crystal or film projector with the screen, or the printed or 
developed film image etc. can be employed as the three-dimensional display 
device 3. Two-dimensional or three-dimensional character or graphic images 
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formed by photographs of real objects and computer graphics can be used as 

objects to be displayed. 

In addition to the above-mentioned convex lens array 2 and image 
display means 3, the operating means and the image controlling means, both 
are not shown in the figure, are equipped in the three-dimensional display 
device according to the present invention. 

As shown in FIG.l, the operating means calculates a farthest point Pi 
from the three-dimensional display means 3 among points in an object image 4 
to be displayed, on an intersecting straight line L starting from respective 
pixel Dij on the image display means 3, passing through respective center 
points Cj of the curvatures of respective convex surfaces of a plurality of 
convex lenses 2a and directing toward the object image 4 to be displayed. The 
image controlling means instructs to display image information of the point Pi 
calculated by the operating means, onto the corresponding pixel Dij of the 
image display means 3. 

A whole image to be displayed on the image display means 3 is formed by 
executing the above-mentioned procedure over the whole pixels on the image 
display means 3. 

FIG. 2 is a schematic diagram showing a calculating method for selecting 
the farthest point Pi from the three-dimensional display means 3 among 
points in the object image 4 to be displayed, on the intersecting straight line L 
starting from respective pixel Dij on the image display means 3, passing 
through respective center points Cj of the curvatures of respective convex 
surfaces of a plurality of convex lenses 2a and directing toward the object 
image 4 to be displayed. 

The image display means 3 is arranged below the convex lens array 2, 
where a distance between them is defined as "h" and a center point of the 
curvature of the convex surface of the convex lens 2a is defined as "Cj". It is 
assumed that the image to be displayed (corresponds to 4 in FIG.l) in the 
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predetermined three-dimensional space is located above the convex lens array. 

Here Pi is defined as the farthest point among points in the object image 
4 to be displayed, on the intersecting straight line L starting from a pixel Dij 
on the image display means 3, passing through a center point Cj of a 
curvature of a convex surface of a convex lens 2a and directing toward the 
object image 4 to be displayed. 

A toe of a perpendicular line to the surface 2b determined by center 
points of curvatures of convex surfaces of convex lenses 2a is defined as "Qj" . 
And a toe of a perpendicular line from the center point Cj of the curvature of 
the convex surface of the convex lens 2a, to the image display means 3 is 
defined as "Cj"'. Since a triangle CjCj'Dij and a triangle PiQjCj are similar 
figures, the following equation is derived: 
CjQj : PiQj = DijCj' : h 
Since DijCj' is determined by a geometrical relation between the lens 
array 2 and the image display means 3, when either CjQj or PiQj is measured, 
remaining either of them can be calculated. 

When the object image 4 to be displayed is scanned by stepwise vertical 
planes from left side in FIG.l, Pi is determined by the relation between 
intersecting point in the object to be displayed formed by vertical planes and 
the above-mentioned straight line L. Thus, PiQj is derived from the 
determined Pi. Consequently, CjQj in FIG. 2 can be calculated based on the 
above-mentioned equation from obtained PiQj. 

When the above-mentioned operation is executed, the amount of 
operation by the operating means is a product of pixels on the image display 
means 3 and a resolution along a depth direction of the object image to be 
displayed in the three-dimensional space and the amount of the calculation is 
remarkably reduced compared with conventional ways because only actually 
observed points are calculated and hidden surface process is also executed 
simultaneously. 
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One example of apparatus to carry out the above-mentioned method, 
namely, an actual constitution of the operating means and the image 
controlling means, is a combination of CT (Computerized tomography) which 
takes three-dimensional tomographic images, and a personal computer which 
execute above-mentioned operation so as to obtain image data to be displayed 
on the three-dimensional image display means 3. When the convex lens array 
is placed in front of the liquid crystal display device used as the image display 
means 3 on which the obtained image data are displayed, the above- 
mentioned three-dimensional tomographic image is displayed in the 
predetermined three-dimensional space situated in front of the convex lens 
array. 

In the same way as the conventional methods in place of the convex lens 
array, the light shielding plate 12 where a plurality of pin holes 12a are 
arranged as shown in FIG. 10 can be used together with the above-mentioned 
operational means and the image controlling means so that the three- 
dimensional display device according to the present invention is constituted. 
Since effects of the pin holes 12a in place of the convex lens array 12 are the 
same as in the conventional methods, further explanation is omitted. 

Hereinafter the second embodiment of the three-dimensional display 
device according to the present invention is explained by referring FIG. 3. 

In the above mentioned first embodiment one image display device is 
used for one convex lens array 2 where a plurality of convex lenses are 
arranged, but individual image display devices 3 (3A to 3D) are arranged 
respectively to a plurality of convex lenses 2a in this embodiment so that the 
three-dimensional display device 1 comprises a plurality of image display 
means 3 (3A to 3D) and a plurality of convex lenses 2a. When this 
arrangement is employed, an image display surface having desired size can be 
constituted and the three-dimensional image display device 3 having a large 
display screen can be provided. 
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As the third embodiment of the three-dimensional display device shown 
in FIG. 4 according to the present invention, individual image display devices 
13 (13A to 13D) are arranged respectively to a plurality of pin holes 12a so 
that the three-dimensional display device 11 comprises a plurality of image 
display means 13 (13A to 13D) and a plurality of convex lenses 12a, which 
attains the same effect as the second embodiment. 

By arranging a plurality of image display means 3 (or 13) for at least one 
convex lens array 2 or light shielding plate 12 in stead of one to one 
arrangement of the convex lens 2 or the pin hole 12a for the image display 
means 3 (or 13) as described in the embodiments 2 and 3, an image display 
surface having desired size can be constituted and the three-dimensional 
image display device 3 having the large display screen can be provided. 

As shown in FIG.5B, a diffusing plate 5 such as a ground glass plate and 
the like is placed between a point O, where straight lines from respective 
pixels on the image display means 3 toward the object image to be displayed in 
the predetermined three-dimensional space via respective center points Cj of 
curvatures of convex surfaces of convex lenses 2a arranged on the lens array 2 
intersect each other, and a position where observer W's eyes are located. 

As shown in FIG.5A when the diffusing plate 5 is not placed, the 
observer W observes only points on the lines connected between observer W's 
eyes and respective center points Cj of curvatures of convex surfaces of convex 
lenses 2a so that only one pixel is observed for one convex lens 2a, 
consequently an apparent pixel size corresponds to the diameter of the convex 
lens 2a. 

On the other hand when the diffusing plate 5 is placed as shown in 
FIG.5B, the apparent pixel size looks smaller than the diameter of the convex 
lens 2a, which increase a resolution of a projector, because the observer W can 
observe other points not on the lines connected between observer W's eyes and 
respective center points Cj of curvatures of convex surfaces of convex lenses 
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2a, due to diffused lights which reach into observer W's eyes as synthesized 
lights S, 

Although not shown in drawings, the above mentioned diffusing plate 5 
can be used in the case of the light shielding plate 12 in place of the convex 
lens array 2. In this case, the apparent pixel size looks smaller than a pin hole 
spacing, which increase a resolution projected in the predetermined three" 
dimensional space, because through the diffusing plate 5 the observer W can 
observe other points not on lines from respective pixels on the image display 
means toward object image to be displayed in the predetermined three* 
dimensional space via a plurality of pin holes even when observer W J s eyes are 
not on these lines. 

Moving pictures can be displayed in the predetermined three* 
dimensional space when the calculation by the above-mentioned operating 
means and instructions by the image controlling means are successively 
executed. Since the residual image effects in the human eyes are attained by 
moving pictures, the apparent resolution can be improved. 

As explained above, images can be formed at higher rate, since the 
amount of operation for forming images is remarkably reduced by the present 
invention compared with conventional methods. Due to reduced operating 
amount, a smaller scaled three-dimensional display device can be provided, as 
a result, a less expensive three "dimensional display device can be provided. 

In addition to the above-mentioned effects the present invention is 
capable of constituting an image display screen having any desired size and 
providing the three-dimensional display device having a large scaled display 
screen. 

Further, the apparent pixel size can be reduced to less than the diameter 
of the convex lens or the pin hole spacing, consequently the three-dimensional 
display device capable of attaining higher resolutions in images projected in 
the predetermined three-dimensional space can be provided. 
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The three-dimensional image display device capable of displaying more 
vivid moving pictures can be provided when the calculation by the operating 
means and instructions by the image controlling means are successively 
executed, because images can be formed at high rate even when moving 
pictures are displayed in the predetermined three-dimensional space. 

The three-dimensional image display device according to the present 
invention can be applied to the following fields, can provide more vivid images 
and can provide less expensive systems. 
(D Medicine* 

Diagnosis through images, Operation aid, Remote diagnosis, 
Informed consent etc. 
(2) Advertisement- 
Bill board, Product sample/display, Demonstration etc. 

® Art: 

Art object, Painting, Graphic art, the Interior, Exhibition in art 
galleries/museums etc. 
(D Entertainment^ 

Movie, Game, various Playing machines, Exhibition at 
attractions/theme pavilions and the like, Training and exercise 
in sports etc. 
(5) Information/Multi-media: 

TV broadcast, TV conference, TV phone, Virtual reality, 
the Internet etc. 
© Simulation* 

Driving exercise and operation planning for cars, airplanes, 

ships and space ships etc. 
® Design Aid: 

Modeling, Strength test, Destruction test etc. 
® Educational aid: 

15 
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Specimen of human bodies, Biological objects and DNA 
structures, Celestial bodies, Map etc. 
Miscellaneous- 
Book, Model, Toy, Souvenir etc. 
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What is claimed is-' 

1. A three-dimensional display device comprising-" 

a convex lens array where a plurality of convex lenses are arranged, 

an image display means arranged on or near a focal plane of said 
convex lens array, 

an operating means to calculate the farthest point from said image 
display means among points intersecting an object image to be displayed, on a 
straight line starting from a pixel on said image display means passing 
through the center of the curvature of the convex surface of a plurality of said 
respective convex lens heading toward said object image to be displayed in the 
predetermined three-dimensional space, and 

an image controlling means for instructing to display corresponding 
pixels on said image display means based on the image information calculated 
by said operating means. 

2. A three-dimensional display device comprising* 

a light shielding plate where a plurality of pin holes are arranged, 

an image display means arranged at a predetermined distance from 
the light shielding plate, 

an operating means to calculate the farthest point from said image 
display means among points intersecting an object image to be displayed, on a 
straight line starting from a pixel on said image display means, passing 
through a plurality of said respective pin holes and heading toward said object 
image to be displayed in the predetermined three-dimensional space, and 

an image controlling means for instructing to display corresponding 
pixels on said image display means based on the image information calculated 
by said operating means. 
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3. The three-dimensional display device according to claim 1 or claim 2, 
wherein; 

a plurality of said image display means are respectively arranged for a 
plurality of said lenses or for a plurality of said pin holes, and 

said three-dimensional image display device comprises a plurality of 
said image display means and a plurality of said convex lenses or comprises a 
plurality of said image display means and a plurality of said pin holes. 

4. The three-dimensional display device according to claim 1 or claim 2, 
wherein^ 

a plurality of said image display means are arranged for one said 
convex lens array or for one said light shielding plate. 

5. The three-dimensional display device according to either one of the 
clams 1 to 4, wherein^ 

a diffusing plate is arranged between a point determined by lines from 
respective pixels of said image display means and passed through the center 
points of the curvatures of the convex surfaces of a plurality of said convex 
lenses or said pin holes intersect each other and a position where observer's 
eyes are located. 

6. The three-dimensional image display device according to either one of 
the claims 1 to 5, wherein - 

a moving picture is displayed in said predetermined three-dimensional 
space based on the successive calculation by said operating means and 
simultaneous successive instructions from said controlling means. 
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Declaration and Power of Attorney For Patent Application 

Japanese Language Declaration 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as stated 
below next to my name, 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 



THREE-DIMENSIONAL IMAGE DISPLAY 



DEVICE 



□ 



the specification of which 
(check one) 
(xj is attached hereto. 
□ was filed on 



.as 



Application Serial No. . 
and was amended on . 



(if applicable) 



a»«fi«a#iiS37ffis i *!B56!fe (a) litems 



i hereby state that I have reviewed and understand the con- 
tents of the above identified specification, including the claims, 
as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is ma- 
terial to the examination of this application in accordance with 
Title 37, Code of Federal Regulations, §1 .56(a). 



Form PTO-FB-265 (8-83) 
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Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 



Japanese Language Declaration 

£ ^"t 3 *U!**?FfcBK * t±!6 W#SEttS £ JUTt- WIST 
Prior foreign applications 



I hereby claim foreign priority benefits under Title 35, United 
States Code, §1 19 of any foreign application(s) for patent or 
inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's certifi- 
cate having a filing date before that of the application on 
which priority is claimed: 

Priority claimed 



PCT/JP99/05669 


Japan 


14/0ctober/1999 


(Number) 

(# ^) 


(Country) 

m S) 


(Day/Month/Year Filed) 


11-84196 


Japan 


26/March/1999 


(Number) 
(# 


(Country) 
(8 *) 


(Day/Month/Year Filed) 


(Number) 
(# %) 


(Country) 

m *) 


(Day/Month/Year Filed) 





B 


&*) 






B 








B 







0 £ *K court tUS B * fc tt P C T SBffia H <0 



I hereby claim the benefit under Title 35, United States Code, 
§120 of any United States appiication(s) listed below and, 
insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States appli- 
cation in the manner provided by the first paragraph of Title 
35, United States Code, §112, I acknowledge the duty to 
disclose material information as defined in Title 37, Code of 
Federal Regulations, §1. 56(a) which occurred between the 
filing date of the prior application and the national or PCT 
international filing date of this application: 



(Application Serial No.) 



(Filing Date) 
(WSI0) 



(Status) 
(patented, pending, 
abandoned) 



(Application Serial No.) 



(Filing Date) 

(MIS) 



(Status) 
(patented, pending, 
abandoned) 



fA B , Z Z tC g BCOOTIf (C h £ n3 ^ T ff o ^ 
* ft o /c*I£\ 18SBSS 1001^1:: J: U . 

UTtt^S ft5^l*<D^14£«? - ^^'^^-t 



1 hereby declare that all statements made herein of my own 
knowledge are true and that ali statements made on infor- 
mation and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the tike so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent 
issued thereon. 
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Japanese Language Declaration 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith, {list name and reg- 
f jstfation number) 

X >> John G. Gilfillan, III (Reg. 
Elliot M . Olstein (Reg. 
Raymond J. Lillie (Reg. 
Glennon G. Troublefield (Reg. 
William Squire (Reg. 
John N. Bain (Reg. 
Alan J. Grant (Reg. 
Francis C. Hand (Reg. 



No. 
No . 
No . 
No. 

No, 
No, 
No. 
No. 



22, 74&) 
31 , 778 ) 




Send Correspondence to: 
^William Squire, Esq. 

Ca reTIlTT^ Gilfillan, Cecch i , 

B'tewa rt & Olstein 
6 BWcWer F a rW^WoWd , 
"RcTseT ^^"HTeV^ e r^e y ' 07 068- 1739 



- Oifect Telephone Calls to: (name ano" telephone number) 

William Squire, Esq. at 
Telephone No. (973)994-1700 





Full name of sole or first inventor ^ 
Takeyo^hl^qaHI^^ f-fL- 




Inventor's signature Date 




Residence 2-6-30, Nakamachi , Setagamr%i, / 
Tokyg_L58-0091 Japan 


mm 


Citizenship / 
Japan 




Post Office Address 2-6-30, Nakamachi, Setagaya-ku, 
Tokyo 158-0091 Japan 








Full name of second joint inventor, if any ^ 




Second Inventor's signature Date 




Residence 1-1-B1117, Ogura, Saiwai-ku, Kawasaki -shi , 
Kanap^wa 21 1 -0954 Japan * ^ ] 




Citizenship , " / 
Japan 




Post Office Address 1-1-B1117, Ogura, Saiwai-ku, 
Kawasaki -shi, Kanagawa 211-0954 Japan 







(SB AS tz\£% tiW^(7)itpl^Pfl#tcM UT t ^Jlitfi (Supply similar information and signature for third and sub- 

m £ Zm&T%Zt 0 ) sequent joint inventors.) 
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Japanese Language Declaration 






Full name of third joint inventor, if any ^ j 

^i^To^sfi^t^ — v- ,T CO 




Third Inventor's sigAatup^ Date 




Residence 719-24, Kawashimacho, Hodogaya-ku, 

Yokohama-shi, Kaaagau&JL46-0045 Japan 


US 


Citizenship f\ 
Japan ,J\ y 

i 




Post Office Address 719-24, Kawashimacho, Hodogaya-ku, 
Yokohama-shi, Kanagawa 240-0045 Japan 




. 


-- - - — -- • - 






Full name of fourth joint inventor, if any ^ 
Ken M/6AMUKE _ 


an 


Fourth Inventor's signature Date 




im 


Residence 2-17-1, Minamisenzoku, toa-ku,^/ ; • / 
TokyoJ45-0063 Japan ; | y V 


mm 


Citizenship Japan 




Post Office Address 2-17-1, Minamisenzoku, Ota-ku, 
Tokyo 145-0063 Japan 














Full nap*e'oflrh^£> ,nt inventor, if any 

J&Jk .Hiroshi BEKI £>CL 




FiftfOp^eriiat^s^at^e "~^>>^ Date 




Residence Suwavanperu IF 3-7-33 Nishinlppori ~f /J x / 
Arakawa-ku , Jjokyo-1 1 6-001 3 Japan 3 / J 


mm 


Citizenship 1 
Japan 




Post Office Address Suwavanperu IF 3-7-33 

Nishinippori , Arakawa-ku, Tokyo 116-0013 Japan 














Sixth Inventor's signature Date 

Etsuko KOBAY^UX { - -g; 


an 


FullAame of sixth joint inventor, if any 


am 


Residence 1-21-3, Mitsuidai , Hachi6ji-sbf;^ N 7 
Tokyo- 192-0014 Japan N - 


mm 


Citizenship 

Japan 




Post Office Address 1 -21 -3 , Mi tsuidai , Hachio j i -shi , 
Tokyo 192-0014 Japan 








(S^^/rli-t ta^<7)^[^3£B£#lcM UT t>f^tt&if (Supply similar information and signature for trwd and sub- 
J: tfS£ « fifttT 5 d o ) sequent joint inventors.) 
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Japanese Language Declaration 





'Full name of seventfv joint inventor, if any -fl j\ \ 
Sumihisa ORITA t^Kj 




Seventh JFt^Tn^or^g^ignatur^r7^ Date 

J>W^^ £3^6^ August 16, 2001 


ftp* 


Residence 1554-8, Nakabyo, Abiko-shT7"Chiba HAs\J, 
270-1121 Japan ) r / 


mm 


Citizenship 

Japan 




Post Office Address 1554-8, Nakabyo, Abiko-shi, Chiba 
270-1121 Japan 















i 


y 




Date 








Residence 


% 






Citizenship 








Post Office Address 

















Date 




Residence 


S$S 


Citizenship 




Post Office Address 









Date 








Residence 




Citizenship 




Post Office Address 
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